Background
Hemorrhagic shock (HS) is one of the most frequent types of shock [1] . HS can lead to hemodynamic instability, decrease in oxygen delivery, and induce tissue hypoperfusion, along with causing cellular hypoxia, organ damage, and death [1, 2] . After HS, nuclear factor-kB (NF-kB) is activated. NF-kB signaling is the activation of inflammatory genes that cause the expression of several cytokines and adhesion molecules [1] . Overwhelming production of inflammatory cytokines such as tumor necrosis factor-a (TNF-a) or interleukin-6 (IL-6) or chemokine (MCP-1) can lead to multiple organ dysfunction and death after HS [1] [2] [3] .
Peroxisome proliferator-activated receptors (PPAR) are ligand-activated transcription factors belonging to the nuclear hormone receptor superfamily, and activation of these receptors can regulate inflammatory responses [4] . PPAR-g can repress gene transcription by negatively interfering with signal-transduction pathways, such as the NF-kB signaling pathway, and decreases the expression of inflammatory mediators such as TNF-a, IL-6 and MCP-1 production [5, 6] . Our previous study found rosiglitazone suppresses the release of tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6) production, and decreases the levels of markers of organ injury in endotoxic shock in rats [7] . HS can produce the same inflammatory effect as endotoxic shock after LPS [8] . For these reasons, rosiglitazone administration may provide protection against the effects of HS. In the present study, we examined the effects of rosiglitazone on HS-induced inflammatory mediators (TNF-a, IL-6, and MCP-1) and organ damage (liver, kidney, lung, and small intestine) in rats.
Material and Methods

Preparation of animals
Thirty-two male Wistar-Kyoto rats weighing 260-300 grams were purchased from the National Animal Center (Taipei, Taiwan). They were housed in the university Animal Center in a controlled environment at a temperature of 22±1°C with a 12-h light/dark cycle. Food and water were provided ad libitum. The Animal Care and Use Committee of Tzu Chi University approved the experimental protocol. The animals were anesthetized with ether inhalation for about 15 min. During the period of anaesthesia, a polyethylene catheter (PE-50) was inserted into the femoral artery to collect blood samples and was connected to a pressure transducer (Gould Instruments, Cleveland, OH, USA) to record arterial pressure (AP) and heart rate (HR) on a polygraph recorder (Power Lab, AD Instruments, Mountain View, CA, USA). Another PE-50 catheter was inserted into the femoral vein for intravenous administration of drugs or fluid. The operation was completed within 15 min, leaving a small wound (less than 0.5 cm 2 ). After the operation, the animals were placed in a conscious rat metabolic cage (Shingshieying Instruments, Hualien, Taiwan). Rats awakened soon after the operation and HS was induced 24 h later, with the rats in a conscious state [9] [10] [11] .
Hemorrhagic shock
HS was induced by drawing blood from the femoral arterial catheter into a 10 ml syringe. An infusion pump controlled the withdrawal rate to mimic a typical bleeding event. The blood volume withdrawn was 60% of the total blood volume (6 ml/100 gm BW). The duration of blood withdrawal was 30 min. Within these 30 min blood was withdrawn and the HS-procedure was carried out, followed by resuscitation with 0.5 ml normal saline at 0, 1, 3, 6, 9, and 12 h after HS. After blood withdrawal, the animals were continuously observed for 48 h and sacrificed later for pathology [9] [10] [11] .
Experimental design
The animals were randomly divided into 4 groups. Rats in the Rosiglitazone group (n=8), were not subjected to HS and were given 0.3 mg/kg rosiglitazone (GlaxoSmithKline Taiwan Ltd, Taipei, Taiwan) in 0.5 ml normal saline intravenously over over a period of 10 min [12] . Rats in the HS group (n=8), HS was induced and the rats immediately received an intravenous drip of 0.5 ml normal saline over over a period of 10 min. In the Rosiglitazone + HS group (n=8), HS was induced and the rats immediately received 0.3 mg/kg rosiglitazone intravenously over over a period of 10 min. In the Control group (n=8), rats were not subjected to HS and immediately received an intravenous drip of 0.5 ml normal saline over over a period of 10 min.
Blood sample analysis
Arterial blood samples were obtained for baseline values before heparinization. Heparin (2 IU/gm BW) in 1 ml normal saline was injected via the catheter into rats over a period of 20 min [7] [8] [9] . Arterial blood samples (0.5 ml) were collected for measurement of glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), blood urea nitrogen (BUN), creatinine (Cre), lactic dehydrogenase (LDH), creatine phosphokinase (CPK), lactate, and glucose at 30 min before induction of HS and at 0, 1, 3, 6, 9, and 12 h after HS while an equal volume of 0.5 ml normal saline was used. Blood samples were immediately centrifuged at 3000 g for 10 min. The serum was decanted and separated into 2 parts; 1 part was stored at 4°C within 1 h after collection for biochemical analysis. Serum levels of GOT, GPT, BUN, Cre, LDH, CPK, lactate, and glucose were measured with an autoanalyzer (COBAS Integra C111, Roche Diagnostics, Basel, Switzerland) to obtain various biochemical data. The other part of the serum collected at 1, and 12 h after HS was stored at -80°C for later measurement of TNF-a, IL-6, and MCP-1 concentrations [9] [10] [11] .
TNF-a, IL-6, and MCP-1 Measurement by ELISA
After 1 h and 12 h of the induction of HS, TNF-a, IL-6, and MCP-1 concentrations in the blood samples were measured separately by antibody enzyme-linked immunosorbent assay (ELISA) with commercial antibody pairs, recombinant standards, and a biotin-streptavidin-peroxidase detection system (Endogen, Rockford, IL, USA) as described previously [9] [10] [11] . Blood samples were collected in serum-separated tubes. All reagents, samples, and working standards were brought to room temperature and prepared according to the manufacturer's directions. Reactions were quantified by optical density using an automated ELISA reader (Sunrise, Tecan Co., Grödingen, Austria) at 450/540 nm wavelength.
Histological examination
The liver, kidney, lung and small intestine were removed immediately after sacrifice at 48 h after induction of HS. Examples of the particular type of these tissues specimens were fixed overnight in 4% buffered formaldehyde, processed using standard methods, and stained for hematoxylin and eosin (H & E). One observer, who was blinded to the group assignment, performed the tissue analysis. The severity of liver injury observed in the tissue sections was scored as follows: 0, no evidence or minimal evidence of injury; 1, mild injury consisting of cytoplasmic vacuolation and focal nuclear pyknosis; 2, moderate to severe injury with extensive nuclear pyknosis, cytoplasmic hypereosinophilia, and loss of intercellular borders; and 3, severe necrosis with disintegration of the hepatic cords, hemorrhage, and neutrophil infiltration [9, 10] . The severity of renal tubular injury was scored by estimating the percentage of tubules in the cortex or the outer medulla that showed epithelial necrosis or had luminal necrotic debris, tubular dilation, and hemorrhage: 0, none; 1, <5%; 2, 5% to 25%; 3, 25% to 75%; and 4, >75% [9] [10] [11] . Lung injury was scored as follows: 0, no evidence; 1, mild injury; 2, moderate injury; 3, severe injury with lung oedema, interstitial inflammatory cell infiltration, and hemorrhage [9] [10] [11] . The severity of small intestine injury was scored from 0 to 3 as follows: 0, normal (no damage); 1, mild (focal epithelial edema and necrosis); 2, moderate (diffuse swelling or necrosis of the villi); 3, severe (diffuse necrosis of the villi with evidence of neutrophil infiltration in the submucosa and/or hemorrhage) [9] [10] [11] . All evaluations were made on 5 fields per section and 5 sections per organ.
Statistical analysis
Data are expressed as mean ±SD. Statistical comparisons between different groups at corresponding time points were made by repeated measures of 2-way ANOVA followed by a post hoc test (Bonferroni's method). Survival analysis was performed using the Kaplan-Meier estimator and comparisons among the mortality rates of the groups were made with the log rank test. Histological scores were analyzed by the Kruskal-Wallis test followed by the Dunn's test. A p value less than 0.05 was considered statistically significant.
results
Survival rate, mean arterial pressure (MAP) and heart rate (HR)
All rats were alive at 12 h after induction of HS. However, in the Rosiglitazone + HS group the rats were dead by 18 h after induction of HS, and in the HS group the rats were dead by 24 h after induction of HS. The survival rate at 48 h after induction of HS was 50% in the HS group, 100% in the Control group, 100% in the Rosiglitazone group, and 75% in the Rosiglitazone + HS group ( Figure 1A) . The mortality rate between groups in the Rosiglitazone + HS group was significantly lower than in the HS groups (log rank test; p=0.021). Mean arterial pressure (MAP) decreased rapidly after withdrawal of 60% of total blood volume from the femoral arterial catheter in rats. MAP stayed relatively low during 12 h after induction of HS ( Figure 1B) . Compared with the HS group, treatment with rosiglitazone did not affect the MAP after HS ( Figure  1B ). The heart rate (HR) was significantly increased during HS ( Figure 1C) . Compared with the HS group, HR in the rosiglitazone + HS group did not change after HS ( Figure 1C ).
Glutamic oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase (GPT)
GOT was gradually increased after induction of HS (Figure 2A) . Compared with the HS group, treatment with rosiglitazone decreased GOT at 3, 6, 9, and 12 h after induction of HS ( # P<0.05; Figure 2A ). Serum GPT increased at 0, 1, 3, 6, 9, and 12 h after HS compared with the Control group (*P < 0.05; Figure 2B ). Compared with the HS group, treatment with rosiglitazone decreased the GPT at 3, 6, 9, and 12 h ( # P<0.05; Figure 2B ). The GOT and GPT were no statistically different between the Rosiglitazone group and the Control group.
Blood urea nitrogen (BUN) and creatinine (Cre)
HS increased blood BUN to a peak at 6 h ( Figure 2C) . Compared with the HS group, treatment with rosiglitazone Figure  2C ). Serum Cre increased rapidly after induction of HS. The values of serum Cre increased at 0, 1, 3, 6, 9, and 12 h after HS, compared with the Control group (*P<0.05; Figure  2D ). Compared with the HS group, treatment with rosiglitazone decreased the serum Cre at 0, 1, 3, 6, 9, and 12 h after HS ( # P<0.05; Figure 2D ). The BUN and Cre were no statistically different between the Rosiglitazone group and the Control group.
Lactic dehydrogenase (LDH) and creatine phosphokinase (CPK)
LDH was gradually increased after induction of HS ( Figure  3A) . Compared with the HS group, treatment with rosiglitazone decreased the LDH at 0, 1, 3, 6, 9, and 12 h after induction of HS ( # P<0.05; Figure 3A ). Blood CPK increased gradually after induction of HS ( Figure 3B ). Compared with the HS group, treatment with rosiglitazone decreased the CPK at 6, 9, and 12 h after induction of HS ( # P<0.05; Figure 3B ). The LDH and CPK were no statistically different between the Rosiglitazone group and the Control group.
Lactate and glucose
Serum lactate increased at 0, 1, 3, 6, 9, and 12 h after HS, compared with the Control group (*P<0.05; Figure  3C ). Compared with the HS group, treatment with rosiglitazone decreased the serum lactate at 1, 3, 6, 9, and 12 h after HS ( # P<0.05; Figure 3C ). Blood glucose increased to a peak at 3 hr ( Figure 3D ) and returned to baseline at 12 hr after induction of HS. Compared with the HS group, the Rosiglitazone + HS group demonstrated decreased glucose at 0, 1, 3, 6 and 9 h ( # P<0.05; Figure 3D ). The lactate and glucose were not statistically different between the Rosiglitazone group and the Control group.
Tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), and monocyte chemoattractant protein-1 (MCP-1)
HS greatly elevated the serum TNF-a compared with the Control group at 1 and 12 h after induction of HS (*P<0.05; Figure 4A ). Treatment of rosiglitazone significantly decreased the serum TNF-a at 1 and 12 h after induction of HS ( # P<0.05; Figure 4A ). HS increased the serum IL-6, compared with the Control group at 1 and 12 h after induction of HS (*P<0.05; Figure 4B ). Rosiglitazone decreased the serum IL-6, compared with the HS group at 1 and 12 h after induction of HS ( # P<0.05; Figure 4B ). HS increased the serum MCP-1 compared with the Control group (*P<0.05; Figure 4C ). Treatment with rosiglitazone decreased the serum MCP-1 compared with the HS group after induction of HS ( # P<0.05; Figure  4C ). The TNF-a, IL-6 and MCP-1 were not statistically different between the Rosiglitazone group and the Control group.
Histopathology of liver, kidney, lung, and small intestine
After the induction of HS at 48 h, only 4 rats were alive in the HS group, 6 rats were alive in the Rosiglitazone + HS group, and all rats were alive in the Control group. These rats were sacrificed and arranged for pathology study.
H & E-stained tissue sections from the liver (Figure 5I ),
Figure 2. Change in serum glutamic oxaloacetic transaminase (GOT) (A), glutamic pyruvic transaminase (GPT) (B), blood urea nitrogen (BUN) (C)
and creatinine (Cre) (D) after hemorrhagic shock in rats. *P<0.05 for the HS group compared with the Control group. 
BR286 discussion
We found that the treatment of test rats with rosiglitazone ameliorated severe HS-induced organ damage (liver, kidney, lung, and small intestine) by decreasing serum TNF-a, IL-6, MCP-1 levels in rats.
HS is a leading cause of death in trauma patients worldwide [2] . Treatment with PPAR-g agonist decreases mucosal injury and protects against intestinal ischemia/reperfusion injury in rats [13, 14] . The results of our study show that rosiglitazone preserved intestinal epithelial and mucosal architecture, along with reducing inflammatory cell infiltration in the small intestine after HS. Among the organs damaged by HS, the lung is especially vulnerable to neutrophil accumulation, which can result in acute respiratory distress syndrome [15] . Treatment with ciglitazone ameliorated lung injury after HS in rats [16] . Our results show that treatment of rats with rosiglitazone reduced HSinduced lung injury after HS. PPAR-g agonist protects renal tissues from different models of acute renal failure [17] . PPAR-g antagonist GW9662 (2-chloro-5-nitrobenzanilide) augments the degree of liver injury associated with hemorrhage in the anaesthetized rat [18] . PPAR-gamma agonists modulate the course of the inflammatory reaction. The administration of rosiglitazone decreased the intensity of the inflammatory process by decreasing alpha-amylase, lipase, aminotransferases, and bilirubin in the course of sodium taurocholate-induced experimental acute pancreatitis [19] .
Our results show that treatment of rats with rosiglitazone reduced the HS-induced increase in serum GOT, GPT, BUN, and Cre levels and also alleviated injury to the liver and kidney after HS. The PPAR-g agonist 15d-PGJ2 abolished the renal dysfunction, and reduced the liver, lung and intestinal injury caused by hemorrhagic shock in rats [20] . Our results also demonstrate that treatment with rosiglitazone ameliorated severe HS-induced organ damage (liver, kidney, lung, and small intestine) in rats. Hyperlactatemia is a common complication during HS, and serum lactate has been shown to be a predictor of HS outcome [21] . In present study, we found that hyperlactatemia was observed after severe HS in rats. The increase in serum lactate generally originates from both increased lactate production and decreased hepatic or renal clearance [22] . We found that rosiglitazone decreased HS-induced liver and kidney damage, decreased lactic acid production, and increased the survival of rats after HS.
HS leads to significant loss of intravascular volume, and resuscitation can induce several inflammatory pathways such as leukocyte activation and sequestration to organs [1, 2] . Endothelial cells exhibit morphologic damage, including cellular swelling, loss of adherence to the basement membrane, and adherence of activated leukocytes after HS [2] . Endothelial cell damage, accumulation of leukocytes, disseminated intravascular coagulation, and microcirculatory dysfunction finally lead to programmed cell death and necrosis of parenchymal cells, with the development of multiple organ damage in HS [1] . PPAR-g agonist activation inhibits endothelial inflammation by suppressing inflammatory gene expression and therefore improves endothelial dysfunction [4] . These actions show rosiglitazone has vascular protection/repair properties through the mobilization and recruitement of endothelial progenitor cells to sites of endothelial injury [23] .
During hemorrhage, NF-kB is involved in apoptosis and the inflammatory cascade, such as TNF-a and IL-6 [1, 2] . TNF-a and IL-6 have been shown to peak early after HS [9] [10] [11] . Treatment with monoclonal antibodies to TNF-a can reduce HS-induced acute lung injury [24] . Moreover, administration of recombinant IL-6 blunts lung mRNA levels of the pro-inflammatory cytokine TNF-a production after HS in swine [25] . Regulation of the innate immunity system through NF-kB is emerging as a critical function of PPAR-g activation [4] . Ciglitazone treatment lowered plasma IL-6 levels after HS [16] . Our results note treatment with rosiglitazone ameliorated severe HS-induced serum TNF-a and IL-6 production in rats.
Chemokines play a major role in selectively recruiting monocytes, neutrophils, and lymphocytes, as well as in inducing chemotaxis through the activation of G-protein-coupled receptors [26] . MCP-1 is one of the key chemokines that regulate migration and infiltration of monocytes/macrophages [27] . A marked increase in serum MCP-1 production was observed in HS [28] . Toll-like receptor-4 regulates significant increase in systemic MCP-1 levels, as well as in Kupffer cell MCP-1 production following hemorrhage [3] . Ciglitazone treatment decreased plasma MCP-1 levels after HS [16] . In this study, treatment with rosiglitazone also reduced HSinduced serum MCP-1 production in rats.
Stress-induced hyperglycemia is exceedingly common in critically ill patients, particularly those with HS [29] . HS induces TNF-a and IL-6 production [1] . Increased release of pro-inflammatory mediators such as TNF-a and IL-6 may play an important role in stress-induced hyperglycemia [30] . Hyperglycemia appears detrimental for the outcome of critically ill patients, because maintenance of normoglycemia with intensive insulin therapy has been shown to improve survival and reduce morbidity in prolonged critically ill patients [31] . Our result noted rosiglitazone attenuates serum TNF-a and IL-6 production and decreased HS-induced hyperglycemia in rats. Because the hypotension persisted and tissues take prolonged hypoperfusion during the experiment, the continuously high biochemical enzyme and cytokine levels, as well as high tissue injury even 48 h after HS, were noted.
Limitations of the present study include the fact that it is an animal study, and rosiglitazone has also been associated with an increased risk of myocardial infarction or/and cardiovascular mortality in humans [32] [33] [34] . In May 2007, safety concerns were raised that rosiglitazone was associated with a 43% higher risk of myocardial infarction and a 64% higher risk of cardiovascular death in humans [35] . The US Food and Drug Administration (FDA) released a safety alert concerning a possible increased risk of ischemic cardiovascular events in patients prescribed rosiglitazone. The European Medicines Agency (EMEA) recommended in September 2010 that the drug be suspended from the European market by November of that year. More data are needed to clarify the effects of rosiglitazone on ischemic heart disease events.
conclusions HS leads to activation of the immune system and overwhelming production of inflammatory cytokines, which can lead to multiple organ dysfunction and death [1] [2] [3] . Blocking such inflammatory cytokines can have beneficial effects after HS [1, 36] . A previous study noted insulin attenuates the inflammatory response by decreasing the inflammatory cytokines, and thus restoring systemic homeostasis, which has been shown to be critical for organ function and survival in trauma patients [37] . In this study, treatment with rosiglitazone suppressed the release of TNF-a, IL-6, MCP-1 and decreased the levels of markers of organ injury after induction of HS in rats.
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